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. RESEARCH MEMORANDUM 

LATERAL -CONTROL INVESTIGATION OF FLAP -TYPE CONTROLS ON 
A WING WITH QUARTER -CHORD LINE SWEPT EACH 60 ° , ASPECT 
RATIO 4, TAPER RATIO 0 . 6 , AND NACA 65 AOO 6 AIRFOIL SECTION 

TRANSONIC -BUMP METHOD 
By Raymond D. Yogler 

SUMMARY 


As part of an. NACA research program, an investigation "by the 
transonic -hump method through a Mach range of 0.7 to 1.15 has been made 
in the Langley high-speed 7“ by 10-foot tunnel to determine the lateral- 
control characteristics of 30 -percent -chord flap-type controls of various 
spans and locations. The wing of the semispan fuselage -wing combination 
had 60 ° of sweepback of the quarter -chord line, a taper ratio of 0.6, 
an aspect ratio of 4.0, and an NACA 65 AOO 6 airfoil section parallel to 
the free air stream. 

Rolling and pitching moments and lift data were obtained through a 
small range of control deflections . ’ The data are presented as control- 
effectiveness parameters to show their variation with Mach number. A 
moderate and gradual decrease in aileron and lift effectiveness occurred 
with increase in Mach number starting at a Mach number of approximately 0 . 9 . 
Little variation in pitching effectiveness with Mach number occurred for 
the outboard controls below a Mach number of 1.0; above 1.0 considerable 
loss occurred except for the short-span control at the wing tip. 


INTRODUCTION 


The need for aerodynamic data in the transonic speed range and the 
fact that such data are lacking or incomplete have led to the establish- 
ment by the NACA of an integrated program of transonic research. As a 
part of the transonic research program, a series of wing-fuselage 
configurations having wing plan form as the chief variable are being 
investigated in the Langley high-speed 7 - by 10-foot tunnel by using 
the transonic -bump test method. 

unclassified 



2 


BACA HM L 50 A 17 


This paper presents the results of a lateral -control Investigation 
of a semispan wing -fuselage model employing a ving with the quarter-chord 
line swept "back 60°, an aspect ratio of 4 , a taper ratio of 0.6 , and an 
NA.CA 65A.OO6 airfoil section. The purpose of this investigation was to 
obtain lateral-control data with flap-type controls of 30-percent chord 
and various spans. The results of a previous investigation of the same 
wing-fuselage without controls, giving additional aerodynamic data, may 
he found in reference 1 . Previous lateral -control data published in this 
series are presented in references 2 and 3- 


MODEL AMD APPARATUS 


The semispan wing had 60 ° of sweepback at the quarter -chord line, 
an aspect ratio of 4 , a taper ratio of 0 . 6 , and an MACA 65AOO6 airfoil 
section (reference 4 ) parallel to the free air stream (fig. l) . The 
wing was made of steel and the fuselage was made of brass. The wing was 
mounted in the center of the fuselage vertically and had no dihedral 
or incidence. The regular transonic -research fuselage (reference 2), 
semicircular in cross section, was bent to the contour of the bump. 

The controls (aileron or flap) were made integral with the wing by 
cutting grooves 0.03 inch wide along the 70-percent-chord line on the 
upper and lower surfaces of the wing (fig. 2). After setting the control 
at the deBired deflection by bending the metal along the grooves, the 
grooves were filled with wax, thus giving a close approach to a 30-percent- 
chord sealed plain flap -type control surface. The entire control span 
from fuselage surface to wing tip was divided into four equal spanwise 
segments . 

The model was mounted on an electrical strain-gage balance wired to 
a calibrated potentiometer in order to measure the aerodynamic forces 
and moments. The balance was mounted in a chamber within the bump, and 
the chamber was sealed except for a smal l hole through which an extension 
of the wing passed. This hole was covered by the fuselage and plate which 
was approximately 0.06 inch above the bump surface. 


COEFFICIENTS AND SIMBOIS 

v 

C L lift coefficient ofjamlspan model^ 

C7; rolling -moment coefficient produced by the control ( rolling - 

" a moment coefficient with control deflected minus rolling- 

moment coefficient without deflection) . Rolling -moment 
coefficient at plane of symmetry equals rolling moment of 
semispan model divided by qSb. 
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cite hing -moment coefficient referred to 0.25c 

( Twice pitching moment of semisnan model\ 

qSc J 

effective dynamic pressure over span of model, pounds per 
square foot^gpV 2 ^ 

twice wing area of semi span model, 0.125 square foot 
twice span of semi span model, 0.707 foot . < 

/ p b / 2 

mean aerodynamic chord of wing, 0.1805 foot | g- I c 2 dj 


local wing chord, feet 


spanwise distance from plane of symmetry 

spanwise distance from plane of sy m m etry to inboard end of 
control 


mass density of air, slugs per cubic foot 
free-stream air velocity, feet per second . 
effective Mach number over span of model / £ 


average chordwise local Mach, number 


cMa dy 


local Mach number 


Reynolds number of wing based on c 


angle of attack of wing root chord line, degrees 

control deflection relative to wing-chord plane, measured in a 
plane perpendicular to control hinge axis (positive when 
trailing edge is down), degrees 

control span, measured perpendicular to plane of symmetry 
^ (lif t-effectivenesB parameter) 


(aileron-effectiveness parameter) 
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(pitching-effectiveness parameter) 


The subscript a indicates the factor held constant. 


CORRECTIONS 


The aileron-effectiveness parameters presented herein represent the 
aerodynamic effects on a complete wing produced "by the deflection of the 
control on only one semi span of the couplets wing. Reflection-plane 
correction factors as given in figure 3 have "been applied to the parameters 
throughout the Mach range of the investigation. The values of the 
correction factors were obtained from unpublished experimental low-speed 
data and theoretical considerations. Although the corrections are based 
on low-speed considerations and are valid for low Mach numbers only 
(probably too large at high Mach numbers ), it is believed that the results 
obtained by applying the corrections give better representation of true 
conditions than uncorrected data. No attempt has been made to correct 
the rolling-moment data for increments of rolling moment caused by 
asymmetrical pressure distribution on the end plate as a result of control 
deflection. This effect is believed to be of little significance for 
short-span outboard control surfaces but may be of importance for control 
surfaces that extend outboard from the wing-fuselage intersection. 

The lift -effectiveness and pitching -effectiveness parameters 
represent the aerodynamic effects of deflection in the same direction of 
the controls on both semispans of the complete wing. No reflection-plane 
corrections are necessary for the lift and pitching -moment data. 

No corrections were applied for any twisting of the wing or deflection 
of the controls caused by the air load. Static load tests indicated that 
such twisting or deflection was negligible. 


TEST TECHNIQUE 


The Investigation was made in the Langley high-speed J- by 10 -foot 
tunnel using an adaptation of the NACA wing-flow technique for obtaining 
transonic speeds. The technique used involves placing the model in the 
high-velocity flow field generated oyer the curved surface of a bump on 
the tunnel floor (reference 5 ) • Typical contours of local. Mach number 
in the vicinity of the model location on the bump with model removed are 
shown in figure 4 . The contours indicate that there is a Mach number 
variation of about 0.04 over the wing semispan at low Mach numbers and 
about 0.07 at high Mach numbers. The chordwise Mach number variation 
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is generally less "than 0.01. Ifo attempt has teen made to evaluate the 
effects of this chord-wise and spanwi.se Mach number variation. The long- 
dash lines near the root of the wing in figure 4 indicate a local Mach 
number 5 percent below tiie maximum value and represent the estimated 
• extent of the bump boundary layer. The effective test Mach number was 
obtained from contour charts similar to those presented in figure 4 by 
using -the relationship 

Hb/2 

M = | I dy 


The variation of the mean test Reynolds number with Mach number is 
shown in figure 5- 

Force and moment data were obtained with controls of various spans 
through a Mach number range of 0.70 to 1.15/ a n angle -of -attack range of 
-6° to 6°, and control deflections of 0°, 5°/ an 1 ! 10°. Some rolling- 
moment data were obtained on the 4-3 -percent -span outboard control at a 
deflection of 2°. 


RESULTS AED D3SCDSSI0E 


In figures 6 to 9 are curves of 'lift, rolling-, and pitching- 
moment coefficients plotted against control deflection for the 21 -percent- 
span outboard, the 43 -percent -span outboard, the 86-percent -span 
outboard, and the 43 -percent -span inboard controls at a wing angle of 
attack of 2°. Inasmuch as the wing was symmetrical, data obtained at 
negative angles of attack and positive control deflections were considered, 
with appropriate regard to signs, to be equivalent to data that would be 
obtained at positive angles of attack and negative control deflections and 
were plotted as such. The curves of figures 6 to 9 are -typical of the 
curves of all the data obtained. 

Control -effectiveness -parameters . - The control-effectiveness parameters 
presented in figures 10 to 12 were obtained from figures 6 to 9 and. similar 
plots of the data for the various control configurations and angles of 
attack. The variation of control effectiveness with control deflection 
was linear throughout the deflection range investigated (±10°) for all 
configurations . 

Starting at a Mach number of approximately 0.9 (figs. 10 and 11), a 
moderate and gradual decrease in aileron and lift effectiveness occurs 
with increase in Mach number. This moderate loss in effectiveness in the 
transonic speed .range for this highly swept wing is less pronounced than 
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the lose In effectiveness for wings -with less sweep (references 2 and 3) • 
Figure 11 indicates that the aileron effectiveness of the 43 -percent -span 
inboard and the 21 -percent-span outboard controls are Issb affected by 
Mach number than the 43 ■; per cent -span and the 86 -per c ent - span outboard 
controls. However, since the rolling moments of the 21-percent -span 
outboard control were small, any variations with Mach number may have 
been masked by fluctuation of forces, especially at the higher Mach 
numbers. 

The curves of pitching -moment parameters of the 43-percent-span 
and the 86 -percent -span outboard controls (fig. 12) follow the same 
general loss in effectiveness trend with Mach number as the curves of the 
other parameters except that the loss in effectiveness starts at. a Mach 
number of approximately 1.0. The data indicate that the 43 -percent-span 
inboard and the 21 -percent -span outboard controls are about equal in 
pitching effectiveness except above a Mach number of 0.95. 

Figure 13 showing the effectiveness of controls of various spans 
starting at the wing tip indicates that the 21 -percent -span outboard 
control gives low aileron effectiveness. The pitching effectiveness 
of the 21-percent-span outboard control, however, is better retained at 
Mach numbers of 1.0 and above'; 

A comparison of the values of C^g obtained at a Mach number of 0.7 

in this investigation with those estimated by the method of reference 6 
shows good agreement (fig. 14) . 


Langley Aeronautical Laboratory 

National Advisory Committee for Aeronautics 
Langley Air Force Base, Ta. 
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Lift coefficient, C, 



Control deflection, 6, deg Control deflection, 6, deg Control deflection , 6 , deg 

Figure 7 *- Variation of lift, rolling -moment, and pitching -moment coefficients with control deflection 

for Tar i crus Mach numbers. b a = 0.^3^-, outboard; a = 2°, 
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Control deflection, & , deg 
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Figure 8 
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Variation of lift, rolling-moment, and pitching -moment coefficients with control deflection 
for various Mach numbers. b a = 0.86^, outboard: a = 2°. 






Control deflection, 6 , deg 


Control deflection, 6 , deg 


Control deflection, 6 , deg 


Figure 9.- Variation of lift, rolling -moment , and pitching-moment coefficients with control deflection 

for various Mach numbers. b a = O. 1 ^, inboard^ a = 2°. 
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Figure 11.- Variation of aileron-effectiveness parameter with Mach number 
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Figure 13.- Variation of control -effectiveness parameters with control 
span starting at the wing tip for various Mach numbers . a = 0°. 
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° M-.7, experimental 
— M-0 , estimated (ref. 6) 



0 .2 

Root 




1.0 

Tip 


Figure l4. - Comparison of the experl mental and estimated variation of 
aileron effectiveness with aileron span, a = 0°. 
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